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makers to exploit relevant
environmental information
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AFWA Numerical Weather Prediction System
Mission Support Roles

Global cloud analysis and
forecasting mission supports
Air Force core mission areas
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m NASA developed Land Information System (LIS)

m 3year (FY02 - FY05) NASA ESTO Computational Technologies
Project

m Goals: Source: http://lis.gsfc.nasa.gov “

m Realistic Land
Surface Modeling

m High resolution, 4
High performance 2=
computing

m Efficient data
management

m Interoperable A _
& Portable o Land Information

System
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" LIS Design
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Benchmarking Project _‘
U.S. AR FORCE Comgleted in 2006

m Goal 1: Integrate the capabilities of
m AFWA Agricultural Meteorology (AGRMET) Model
m Precipitation, radiation, and surface forcing algorithms
m Grid processing and GriB output software
m NASA Land Information System
m Highly efficient, portable, and modular software engineering
m Common infrastructure for rapid R&D insertion into operations

m Goal 2: Demonstrate capability to generate high resolution regional analyses for
AFWA Weather Research & Forecasting (WRF) model initialization

Fly - Fight - Win



Configurable ¢

1 ] 9y s
wsazcorce HiIgh Resolution Land States Analyses g
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Configurable
ve amcorcz. High Resolution Land States Analyses By

Elevation (m) — CLPX Large Regional Study Area
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UL S AlR FORCE

The New Common Data Assimilation Module*

Featuring:

The Ensemble Kalman Filter

(*also supports extended Kalman Filter and Direct Insertion technologies)

Fly - Fight - Win



LIS-DA Development

UsS: AlR FORCE

Generic LIS-DA framework already in place, including the NASA/GMAO EnKF module, and has been
demonstrated for soil moisture and snow examples (Kumar et al., AWR 2008, in press):

el (Fosecast)
LIS CORE -——u——l.l L9 Phwte (41,
Ky = BIEE W)
Raad Obssrvalions
0BS_Stale | V1) T-|
L S .
|
Anaiysis -l
|
) Lﬂl_ﬂlrlh-i Hia
. i Ky =K + Ky — bpal®5.0)

, ] i

For Tskin assimilation, need (at the minimum) a bias estimation module and a few plug-ins for
Tskin observational data and Tskin EnKF update.
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&/ NASA LIS-DA Skin Temp
4 Experiment

= | ~. | Twin experiment:
- ~| - Modeling domain around

/| IHOP’02

| - Catchment model for truth &
synthetic obs.

- Noah LSM for open loop &
assimilation

i 1 deg grid

/| - GSWP-2 forcing (1986-1990),

.Tr'skin RMSE [K] |
:(domain average)

Assimilate ISSCP Tskin

244a
335
23340
235
3za
215
214
205
304
248
284 \
3EB5 ,\ SCP
284

nkF (no biash

Fly - Fight - Win

Demonstrated
ISCCP Tskin plug-in
for twin experiment setup

Plot shows time series for
May 1986 (34N, 100W)



Current LIS R&D

UL S AlR FORCE

Precipitation Downscaling Project
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\ PRISM climatology &
. analysis datasets

The Parameter-elevation Regressions on Independent Slopes Model (PRISM; Daly et al.
1994, J. Appl. Meteor.) is a knowledge-based system (KBS; Daly et al. 2002, Clim.
Res.) used to generate estimates of climate parameters, e.g. T, T, P.

The PRISM KBS accounts for spatial variations due to:

+ Physiography, including elevation, orientation, and profile
* Moisture regime, using an orographic trajectory model

+ Coastal proximity, using a coastal wind infiltration model
* Topographic position, in the occurrence of inversions

itude : |32.333333333333f Longitude : |109.08333333333£ X Co-ordinate : W Y Co-ordinate : 521
Elevation Vs Parameter Graph

Prodicted {1,y slope) =  1544,85,0096 )

o

B ®2 5 88 8 3 8 8

3 o T, S = b I

-—

20 30 40 610 740 670 1000 1130 1260 1390 1520 1650
ELEVATION (m) —>
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UsS: AlR FORCE

Monthly & Annual Climate

PRISM climatology &
analysis datasets

Monthly Analyses

Precipitation: Annual Climatology (1971-2000)

Precipitation (in.)

1o [Ohe-zo 640 Wao-1o0
W< [J20-24 [J40-50 100120
W45 [Clea—zs Ws0-60 120140
Ms—12 [J2s-32 We0-70 [J140-160
[h2—16 M3e-36 W70-80 160+

T
Copyright (¢) 2008, PRISM Group, Oregon State University
http:iwww prismelimate.org — Map created Jun 16 2006

Precipitation (in.)
1o [C0-6-0.8 [Dz.4-25 M-S
W<« [oe-12 Ozs—32 Wa-1z
Wo1-0.2 01216 [@3.2-40 1216
Mo2—04 O6-20 @45 [I16-20
[0.4-0.6 [20-24 W56 []z0+

Precipitation: May 2005
Final Data

o
Cuopyright () 2005, Spatial Climate Analysis Service, Oregon State Universicy
http:iwww.ocs.oregonstate edu/prism — Dap created Dec 01 2005
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Dec 2000 AFWA AGRM
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Precipitation Analysis

= 4

v %[%P v N
S Enhancement Studies x
TRMM Estimate High-Resolution Climatology
. . May 2005 TRMM 3B42 Total Precipitation (mm] May PRISM Mean (1971-2000) Precipitation (mm)
m Increasing reliance T

upon space-based , .
precipitation (e eyl | 'i ol
observations & 'I-
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Downscaled precipitation analysis

PRISM Group on the web— http://www.prism.oreqgonstate.edu
Fly - Fight - Win
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y AFWA Precipitation
wsAumE@R@@ AnalySiS StUdy

Meridional distribution of annual rainfall across Africa

m Comparison of annual
rainfall climatology
among the 4 products

across Africa from South - |

to North (left to right).

m Each dataset is a zonal
average across the
continent.
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Summer and winter average daily rainfall from 3B42, CMORPH, GPCC and AFWA
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y Current LIS R&D

UL S AlR FORCE

LIS-WRF Coupling
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LIS-WRF Coupling

AFWA, NASA & NCAR joint study
U.S. AIR FORCE
0 10em Soil Maisture (%) — L5 SEx 15KM o105 S i () - u5 51 5

~ ® Demonstrate and

SR R L .. evaluateusingLISto | < " &L
_________ Lo AT Y »initialize WRF (ARW) = . .. .-
......... o .-  SE Asia domain | o
NEPD - S S N ~+ m 4 seasonaltestcase | = W=
--------- - | periOds e 1;15 12525 wzéac 12545 125,55 12505__1)2;75 12555 12555 méus 1.3515 13:5{(I

STUDY RESULTS:

m LIS initialized runs were able to reduce WRF warm bias

m LIS affected 0-48 hour fcst variables of surface weather,
boundary layer, cloud, and precipitation

m LIS soil and snow fields capture fine scale surface features,
reflecting important role in high resolution NWP
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Current LIS R&D

UL S AlR FORCE

Snow Cover/Depth Analysis Improvements
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’ Cover/Depth Analysis Q%9
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UsS: AlR FORCE

m AFWA-NASA Snow Algorithm (ANSA)

m Improves upon the science contained within the AFWA Snow
Depth Analysis (SNODEP) model

m Merges microwave snow depth measurements (i.e. AMSR-E or
SSMI/S) with visible NDSI snow cover (i.e. MODIS)

m Current model uses primarily Synoptic Observations of Show
Depth, SSMI snow mask EDR, and climatology

K & ;!i‘
i e
. (7 tr < "o
" -
o
M
.

AMSR-E SWE converted to Snow
Depth (inches)
AFWA SNODEP model 20071212 12Z
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AFWA-NASA
Snow Algorithm (ANSA)

=4 5
&
AT
iR

ANSA snow map 15 January 2007

Blended Snow Grid Values
DOONRCROROECNCEOERC

[ ]
[ ]

(575) MODIS snow 80-100% and SWE 2-480 mm
(550) MODIS snow 21-79% and SWE 2-480 mm

(450) MODIS snow 1-20% and SWE 2-480 mm
(390) MODIS snow 80-100% and SWE 0 mm

(370) MODIS snow 21-79% and SWE 0 mm

(360) MODIS snow 1-20% and SWE 0 mm

(375) MODIS snow 1- 100% and SWE water mask
(355) MODIS snow 0% and SWE 2-480 mm

(350) MODIS cloud and SWE 2-480 mm

(330) MODIS cloud and SWE 0 mm

(300) MODIS cloud in AMSR-E swath gap

(345) MODIS snow1-100% in AMSR-E swath gap
(305, 290) MODIS no data SWE 2-480 mm

(295) MODIS in darkness and SWE 2-480mm

(250) MODIS in darkness and SWE 0 mm

(253) AMSR-E Permanent Snow/Ice

(201) MODIS snow 1-100% and SWE land not processed
(200) MODIS snow 1-100% and SWE no data

(0) Land

(1508) Ocean

(1498) Fill
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LIS Project Schedule

Additional capability development

UL S AlR FORCE

m Tentative development plans (dependant on AFWA funding)
m FY09
m Complete CRTM integration
m Precipitation analysis improvements
m Complete LIS-WRF full coupling
m FY10
m Examine Soil Moisture Assimilation
m FY11
m Vegetation conditions (vegetation health; leaf area index)
m FY12

m Assimilate snow pack properties through snow pack physics
module

m FY13/14
m Distributed Watershed modeling (water routing)

Fly - Fight - Win



UL S AlR FORCE

Cloud Characterization
Improvements

***Some of the cloud related material in this portion of the presentation originates from Atmospheric &
Environmental Research, Inc (AER) personnel for work completed with AFWA or other DoD funded cloud
analysis research and development project reviews.***
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Geostationary Data

8mp Analysis
Resolution: 12 nmi

Obs: IR imagery,

SSM/I Temp

Freq: 3 Hourly

<< Cloud Depiction and Forecast System Version Il

Global Cloud Analysis System

73 &N
&7 o\
G RS

- “fwﬂﬁ'\)\

GFS
Upper Atmos. Temp
Near Surface Temp/RH/Wind

-DMSP
+*AVHRR
Future NPOESS

Surface Observations

" Y Resolution: 12 nmi
= Obs: Surface, SSM/I

World-Wide Merged Cloud Analysis (WWMCA)
Hourly, global, real-time, cloud analysis @12.5nm

Total Cloud and Layer Cloud data supports
National Intelligence Community, cloud
forecast models, and global soil temperature

and moisture analysis.
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1557 UTC Wed 5 Jun 05
North Pole Summer
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UsS: AlR FORCE

1557 UTC Wed 5 Jun 05
North Pole Summer

=% - particle
cloud

i

Cloud Phase, Snow, Ice Mask

: oy

Visible - near-IR composite
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Cloud Optical Properties

Demonstration

TIR Composﬂe

K7

&) -Qﬁﬂ
% iR >

Cild Top tht Optlcal Depth

Satellite TIR Thumbnail

* Cloud Optical Depth
(transmissivity) is directly
measured within the new
COP algorithms

» Able to identify transmissive
cirrus clouds (ice)

» Currently limited to capturing
one layer of cloud
information

Fly -
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CDFSII Cloud Optical Properties

A y
‘ Phase Il (FYO07) tasks

<

U. S AlR FORCE

m Update Cloud Optical Properties algorithms to operate on NASA
MODIS sensor and Meteosat SEVIRI sensor observations.

m New Prototype Capability:

m Use a Radiative Transfer Model (RTM) combined with a
1D Variational (1D-VAR) data assimilation
m 1st step towards detecting multi-layered clouds
m Ensures consistency among all retrieved quantities
m Artificially enforced in existing algorithms
m Generalized approach for all sensor configurations
m Provides working prototype for NPP
m Exploits recent work by AER for JCSDA and NPOESS/IPO

m Optimization for transition to operations a major component of
software development work

m Plan to use A-train to tune and validate final product
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Retrieval Attribg'

odp

p
S
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CDFS CDFS 1D-VAR
Upgrades

* CDFS reports one cloud-top

retrieval per pixel
» no adjustment for
transmissive effects

» Upgraded CDFS algorithms

adjust for transmissive
cirrus
» still one cloud layer

- 1D-VAR cloud mask

identifies multilayer cloud
conditions when the cirrus
is transparent enough to
"see"” lower cloud

« Microwave
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AFWA Coupled Analysis and Prediction System
Conceptual Design

UsS: AlR FORCE

|~ Satellte Data Satellite Data
7~ Processing System -

Global Cloud N3 \ Mobility apps
Information
™S Global Snow
NWP initialization < Information
\
Target
High luti |dentification
igh resolution ]
physics based «—— Atmospheric Land Data Global
Cloud forecasts Data Assimilation Assimilation Surface
System (4D-VAR) (LIS) Albedo

Support CFLOS , —

tools More accurate
Directed Energy & ]\c/Veathetr
orecasts

TCA support
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Summary

}-:\"I’ )

U. S AlR FORCE

m NASA-AFWA project resulted in a successful benchmarking test of LIS-AGRMET
m  AFWA driving toward Initial Operational Configuration by late CY 2008 or early CY 2009

m Once operational, AFWA will have a highly configurable land data assimilation
system for land states analyses

m Efficient common software infrastructure

m Generates both global & regional surface states at multiple resolutions
Use multiple physics packages (LSM’s)
R&D support to operations, more sufficient knowledge base
“NPOESS Ready”’; ability to utilize high resolution satellite observations
More consistent NWP model initialization

m AFWA has been working to drastically improve surface characterization
support for DoD and other US Gov’t customers

m AFWA significantly investing in research to dramatically improve cloud
characterization and cloud forecasting capabilities

m  Will improve surface characterization w/ improved energy flux estimates
m  Will support higher resolution requirements warfighter requirements
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Questions
& Answers

Fly - Fight - Win



